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Rise of the machines‘‘Treat the patient, not the X-ray’’
This simple mantra has for many years reﬂected the medical
ideals of patient centered care. It has also deﬁned an approach to
disease which has focused primarily on the clinical diagnostic skills
and the clinical experience of the practitioner rather than on the
technologies available to him. Now however, in certain ﬁelds of
medicine and in surgery in particular, this emphasis is shifting.
Although clinical judgment will always have its part in medicine,
our limited capacity and human fallibility are forcing us to become
increasingly dependent on technology in the pursuit of our patients
best interests. This dependency is no more apparent than in the
ﬁeld of surgery where the fusion of diagnostic imaging, image
guided navigation systems, computer assisted surgery and robotics
are carving out a niche in almost all specialties.
The most well known application of robotics in surgery could be
the use of the Di-Vinci robot, created in the late 1990s. The Di-Vinci
system involves four interactive robotic arms one of which mounts
ahigh resolution stereo-endoscopeprovidingHDbinocular visualiza-
tionwhilst the other armsmount fully articulated endo-wrist instru-
ments capable of replicating the movements of the surgeons own
handsmadeata separate console. This systemcombinesstereo-endo-
scopic visualization and robotics to achieve comparable oncological
and functional results to alternative laparascopic methods with
decreased blood loss and more rapid wound healing.1 Although this
tele-surgical robot is renowned for its use in prostatectomies it can
also be applied to other minimally invasive procedures including
valve replacements, anterior resections and thymectomies. The robot
can also be equippedwith image guidance technology allowing visu-
alization of sub-surface structures to achieve a more complete resec-
tion of tumor margins. This builds on current image guidance
techniques originally designed for use in neurosurgery.2
In neurosurgery precise localization is required though direct
visualization would often cause unacceptable damage to adjacent
structures. It is here that sub-surface visualization techniques
have become so important. The combination of digital imaging,
complex computer software, localization techniques and robotics
has created a precise way of delivering otherwise impossible treat-
ments. Digital tomographic techniques are used to acquire detailed
multi-layered data preoperatively, which can later be mapped onto
the physical space of the human anatomy using techniques such as
ﬁducial markers and curve and surface matching software as well
as intra-operative X-rays and ct-scans. This facilitates the accurate
targeting of functional areas deep within the brain parenchyma.
Stereotactic aiming arc assemblies and robotic arms can then be
used to deliver biopsy needles or stereotactic radiosurgery to the
desired areas.3–5 Such integration of image guidance and robotic1743-9191/$ – see front matter  2009 Surgical Associates Ltd. Published by Elsevier Lt
doi:10.1016/j.ijsu.2009.05.002delivery has revolutionized neurosurgery over the last 20 years
and lead to a practice that although guided by surgeons is carried
out and facilitated predominantly by technology.
These technologies are also revolutionizing orthopaedic surgery,
particularly in joint replacement operations where precision planar
cuttingof articular surfaces isparamount to achievingoptimal clinical
outcomes. Historically the major problems have been the lack of
useful intra-operative imaging and therefore an inability to integrate
preoperative assessment and planning with operative action. Recent
advancements in positioning systems, landmark registration, and
simulation softwarehave allowedpreoperativeplanning tobemoved
into the theatre. Fixed sensors placed on the bone shafts can be used
to register anatomical landmarks in 3D space. Specialist software can
then create a 3D virtual image of the joint which can be used to visu-
alize the joint and itsmovement intra-operatively. Bydrawingondata
sets from thousands of operations and outcomes, the software can
also inform the surgeon of the best plane to cut bone or the best track
to insert screws and can continuouslymonitor the tools that perform
these tasks. Such virtual monitoring allows feedback for the surgeon
as he proceeds, ensuring quality control throughout the operation.
The software creates in effect its own specialist opinion capable of
accounting for anatomical variants.6 Once the soft tissue resection
has been carried out and the digital registration performed the plan-
ning and intra-operativedecisions canbemadealmostentirely by the
software. Long termdata on this technology is not available but short
term studies are showing encouraging results with improved
recovery times and better radiographic alignment with no increase
in short term complication rates.7
As we can see technology is rapidly advancing and allowing us to
conduct more advanced operations throughminimally invasive inci-
sions with improved clinical outcomes. It is not unrealistic to assume
that these technologies may soon dominate surgical practice. In the
pursuit of improved patient outcomes we will be obliged to take up
these new techniques and embrace these new forms of technology.
However increasing dependency on technology will inevitably have
consequences which may radically change surgical practice and
training. Traditional hands-on surgical practice could easily become
eroded by a tide of virtual surgical procedures with the intra-opera-
tive ability to augment our natural abilities several-fold. Such
advancements could see surgical training quantiﬁed by ‘‘simulator
time’’ as opposed to ‘‘cutting time’’. We may also see an era inwhich
clinical judgment is superseded by technological judgments. Perhaps
in the pursuit of optimal patient care medical practitioners will be
forced to step down from our roles as the prime decision makers of
the medical world and take up the role of technological supervisors
of more capable machines.d. All rights reserved.
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